were maintained by subcutaneous and intramuscular transplantation in Buffalo strain rats. Normal animals were fed a 0% protein diet4 in pellet form (General Biochemicals Corporation) for 1 week before use. Tumor-bearing animals were fed Purina chow until the tumors were palpable and measured about 0.5-1.0 cm in diameter. At this time the animals were placed on the protein-free diet and 4 days later some were subjected to an end-to-side portacaval shunt.5 After the operation, the tumor-bearing rats were kept on the protein-free diet for several days.
Materials and Methods.-Male Holtzman rats weighing 140-160 gm were used in all experiments on normal rat liver. In the studies on the Reuber hepatoma H-35, A X C brown rats bred at the McArdle Laboratory were employed for tumor inoculation, whereas the Morris 5123 hepatomas were maintained by subcutaneous and intramuscular transplantation in Buffalo strain rats. Normal animals were fed a 0% protein diet4 in pellet form (General Biochemicals Corporation) for 1 week before use. Tumor-bearing animals were fed Purina chow until the tumors were palpable and measured about 0.5-1.0 cm in diameter. At this time the animals were placed on the protein-free diet and 4 days later some were subjected to an end-to-side portacaval shunt.5 After the operation, the tumor-bearing rats were kept on the protein-free diet for several days.
Enzyme induction: In the normal rats, serine dehydrase, ornithine a transaminase, and tyrosine a ketoglutarate transaminase were induced by intubation of enzymatically hydrolyzed casein as previously described.' The regimen for casein hydrolysate and actinomycin D administration may be found in the legend of Figure 2 . Some of the H-35-bearing animals ( Fig. 1 for details) at zero time, a solution of 5 uAc of orotic acid-6-C14 (New England Nuclear Corp., sp. act. 5 mc/mmole) in water was injected intraperitoneally 20 min before sacrifice. The livers were removed and homogenized for 1 min at the temperature of melting ice in 4 vol of 0.44 M sucrose, using a Potter-Elvehjem homogenizer with a motor-driven Teflon pestle. The nuclei and whole cells were removed by centrifugation (4°C) at 700 X g for 10 min. Five ml of the supernatant cytoplasmic fraction were mixed with 5 ml of 0.4 M perchloric acid in an ice bath, and the resulting precipitate was removed by centrifugation and washed three times with ice-cold 0.4 M perchloric acid. The RNA was extracted with hot 10% NaCl according to the procedure of Hurlbert and Potter.1'
The nuclear pellet was homogenized in 50 ml of 1.76 M sucrose and centrifuged at 2000 rpm for 1 hr. This procedure was repeated once. The nuclear pellet was mixed with 5 ml of 0.4 M perchloric acid in an ice bath and the resulting precipitate was treated in the same manner as described above for the cytoplasmic fraction. The extracted nucleic acid was precipitated with 3 vol of 95% ethanol, washed with 3:1 ethanol-ether, and dissolved in 4 M NH40H. An aliquot of each sample was added to 10 ml of scintillation counting fluid in a glass vial and the radioactivity was measured in a Packard Tri-Carb scintillation counter. The ribose content of each sample was determined by the orcinol method."2 L-amino acids were obtained from General Biochemicals Co., DPNH and keto-enol tautomerase from Sigma Chemical Co., and crystalline rabbit muscle lactate dehydrogenase from Worthington Biochemical Corp. All other chemicals used were reagent grade.
Results.-The experiments described in this paper were designed to determine the duration, after a single inducing dose of hydrolyzed casein, that further enzyme induction remained insensitive to the action of actinomycin D. To determine this, it was necessary first to find the time period during which actinomycin would exert its maximal effect, i.e., completely inhibit nuclear and cytoplasmic RNA synthesis. Figure 1 (cpm/,gmole of ribose in RNA of rats receiving 4 ml of H20 HOURS alone).
6-hr period in casein-fed or casein-fed actinomycin-treated animals. The specific activity ratio of nuclear RNA was at control levels until the second hour after the casein hydrolysate administration. The maximal specific activity ratio of nuclear RNA was reached at 4 hr after induction and fell to control levels at 6 hr. These data indicated that the stimulus for precursor incorporation into nuclear nucleic acids is relatively pulselike. By 6 hr after casein administration, the orotic acid incorporation is at control levels, indicating that the casein stimulus of precursor incorporation in nuclear nucleic acid is relatively short-lived. If actinomycin D is administered at zero time with the casein (Fig. 1 Fig. 2 ). The basal curve after a single dose of casein hydrolysate (dotted line) is quite different for the three enzymes, being biphasic for serine dehydrase (Fig. 2a) , progressively increasing for ornithine transaminase (Fig. 2b) , and monophasic for tyrosine transaminase (Fig. 2c) . A second dose of casein hydrolysate given at any of the 3-hr intervals resulted in either a greater rate of enzyme increase, or maintenance of an already maximal rate with the exception of the 9-hr point for tyrosine transaminase. Actinomycin D given with the second dose had different effects, depending on the enzyme under study. In the case of serine dehydrase, there was little or no effect at the 3-to 6- 2. -The effect of actinomycin D on the rates of (a) serine dehydrase, (b) ornithine transaminase, and (c) tyrosine transaminase induction. Male Holtzman rats weighing 140-169 gm were fed a 0% protein diet (see Methods) for 1 week. At the end of this time the levels of all three enzymes were very low. The animals were each given 1 gm of casein hydrolysate by stomach tube. At 0 time and at 3-hr intervals thereafter up to 21 hr, 3-5 rats from this group were killed and the livers assayed for the three enzymes (dotted line from 0 to 21 hr). In addition, at each 3-hr interval, a group of rats which had been given casein hydrolysate at 0 time were given a second dose (1 gm) of hydrolyzed casein and one half of these rats also received actinomycin D (2 mg/kg). Both groups (+and-actinomycin) were killed 6 hr later and the enzymes were assayed in the livers. The solid lines show the rate of further enzyme induction resulting from a second dose of casein hydrolysate only, while the dashed lines indicate rates after the second dose plus actinomycin D (2 mg/kg). Three-hour rates are shown rather than 6 hr for the sake of clarity. It was assumed that the time during which enzyme induction was inhibited by actinomycin denoted the period of inducer action and template synthesis, while the period of insensitivity to actinomycin indicated the period that the enzyme's template RNA was stable and effective in the process of protein synthesis. The fact that an increase in enzyme was observed from the 0-3 and 6-9-hr points (times during which induction was insensitive to actinomycin D) indicates that the increase was not the result of synthesis of new template RNA, but was due either to stabilization of preformed enzyme or to an increased translation of pre-existing message. At the 9-hr point and thereafter, the increase in enzyme obtained after the second dose of casein hydrolysate was inhibited by actinomycin, thus indicating that the enzyme synthesis at this time point was no longer being programmed by the previously existing messenger RNA template, but required a synthesis of new messenger RNA.
at the 9-hr point. Other experiments'6 which have shown that the antibiotic inhibited enzyme induction at the 0-and 1-hr point but not at the 2-hr point are in agreement with the data of Figure 1 . Furthermore, the first stimulation in orotate incorporation into nuclear RNA is evident 2 hr after casein hydrolysate administration. From this it appears that the actinomycin D-resistant period of serine dehydrase synthesis after casein administration is about 6-8 hr in length. Published data' have shown that during the period of insensitivity to actinomycin action, serine dehydrase is completely sensitive to puromycin, indicating that the enzyme changes do in fact represent protein synthesis and not an unrelated event such as the conversion of a precursor to active enzyme. When ornithine transaminase is studied in a similar manner, there is little or no effect of actinomycin D administration at any of the time points tested, with the possible exception of the 18-hr point.
Other work' has shown that at the 0 time point, induction is completely sensitive to the antibiotic, and preliminary evidence indicates that at the 24-hr point, further induction of ornithine transaminase becomes sensitive to actinomycin, indicating a resistant period of 18-24 hr. On the other hand, tyrosine transaminase induction by casein hydrolysate is always sensitive to actinomycin D. Therefore, on the basis of these studies one may postulate that the template lifetimes'1 for these three enzymes are quite different, i.e., for serine dehydrase, [6] [7] [8] hr; for ornithine transaminase, 18-24 hr; and for tyrosine transaminase, less than 3 hr.
In contrast to the findings in normal liver, serine dehydrase induction in two hepatomas, the Reuber H-35 and Morris 5123, was found to have quite different sensi- tivities to actinomycin D administration (Fig. 3 ): at no time tested up to 16 hr (Table 1 ) after the initial casein or amino acid administration was serine dehydrase induction in the H-35 hepatoma insensitive to the action of the antibiotic, thus indicating a much shorter template lifetime for this enzyme in this tumor. In contrast, in the Morris 5123 tumor, serine dehydrase induction was found to be resistant to the effects of actinomycin D at the two times tested. Of special interest is the fact that in rats bearing the 5123 and maintained on a protein-free diet for 2 weeks, the hepatoma could apparently maintain a stable template throughout this period, something which the liver is unable to do.
As with other studies on transplanted hepatomas, a major consideration is whether or not the inducing agent as well as the inhibitor is gaining access to the tumor, which grows in a site distant from liver and has no portal blood supply. This question has been answered in part with respect to the availability of actinomycin to the tumor, for if insufficient amounts of the antibiotic were absorbed by the neoplasms, one should have expected no effect such as seen with the H-35. To further substantiate this, tumor-bearing animals were subjected to a portacaval shunt as noted in Methods, after which they were protein-depleted and treated with inducer as described previously. As with intact animals, dietary induction occurred in the tumor, but the induction was sensitive to the effects of actinomycin D at all points tested ( Summary.-Normal rats, or rats bearing the Reuber H-35 hepatoma and subjected to portacaval shunts, were fed a protein-free diet for several days and then intubated with hydrolyzed casein to initiate induction of amino acid-catabolizing enzymes. The inhibitory effects of actinomycin D on the synthesis of certain of these enzymes in the liver and tumor were determined at successive 3-hr intervals up to 21 hr after the initial dose of casein hydrolysate. The period during which induction of a given enzyme was insensitive to actinomycin D was assumed to be the lifetime of the RNA template for that enzyme. The data indicate that the template lifetimes for three enzymes are as follows: serine dehydrase, 6-8 hr; ornithine transaminase, 18-24 hr; tyrosine transaminase, less than 3 hr. In contrast to these measurements in normal liver, the template lifetime for serine dehydrase in two hepatomas was found to be less than two hours in the Reuber H-35 and greater than two weeks in the Morris 5123.
In contrast, the exponential decay of an enzyme protein in vivo is a process resulting from the dynamic synthesis and degradation of proteins and presumably independent of the stability of its RNA template. For example, the half life of the enzyme serine dehydrase is about 3 hr, whereas the lifetime of the template RNA for serine dehydrase appears to be at least 6-8 hr.
18 Penman, S., K. Scherrer, Y. Becker, and J. E. Darnell, these PROCEEDINGS, 49, 654 (1963) . 19 Noll, H., T. Staehelin, and F. 0. Wettstein, Nature, 198, 632 (1963) . 20 Pitot, H. C., Perspectives Biol. Med., 8, 50 (1964) . 21 Pitot, H. C., and C. Peraino Although the existence of a variety of immunoglobulins is well recognized, the factors which determine their production have not been completely clarified. Each of the immunoglobulins contains immunologically similar subunits, referred to as light or L chains, and immunologically distinct subunits, referred to as heavy or H chains.' Of particular interest is the relationship between Igl\'J (19S) and IgG (7S) antibodies, since the usual response to most antigens is characterized by early 19S antibody production which subsequently gives way to predominantly 7S antibody production.2 Moreover, the presence of 7S antibody may inhibit the induction of 19S antibody.3 In attempting to gain some understanding of these phenomena, it seemed worth while to investigate certain parameters of normal protein formation which pertain to the synthesis of the different immunoglobulins. Since polyribosomes are the site of protein synthesis, their characteristics in cells producing specific f9S and 7S antibodies were examined.
The characterization of polyribosomal aggregates with respect to size and amino acid incorporation has been achieved in a number of biological systems.4-7 Since the maximum size of the polyribosome is thought to be determined by the length of its messenger RNA, determination of the degree of ribosomal aggregation may provide indirect evidence regarding messenger length and hence the size of synthetic subunits of a particular protein. 4 Polyribosomal aggregates from lymphoid tissue with sedimentation coefficients of 11OS and 130S have been described.8 9 More recently, 200S polyribosomes from rabbit lymph nodes have been detected.10 In these published reports, immunization programs were employed which would be expected to elicit the predominant production of 7S antibody. It is the purpose of this communication to describe the polyribosomal population of rabbit lymph node cells producing specific 19S antibody, and others producing specific 7S antibody. Since a variety of proteins may be synthesized by lymphoid tissue, it is desirable to demonstrate that the polyribosomes studied are, in fact, associated with immunoglobuli n synthesis. Therefore, preliminary experiments on the immuno-
